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CHAPTER I 
INTRODUCTION 
Analytical Chemistry deals the problem of qua l i t a t ive 
and quant i ta t ive analysis using c la s s i ca l and modem methods 
of instrumental techniques. Many iniportant fac tors are 
considered in choosing the ana ly t i ca l methods, say concen-
t r a t i o n range, accuracy, s e n s i t i v i t y , s e l e c t i v i t y , time and 
cost of ana lys is . 
A separation procedure can be used for pur i f i ca t ion , 
qua l i t a t ive i den t i f i c a t i on or quant i ta t ive determination 
which are systematical ly summarized in Table I^ 
Chromatography, v/hich i s one of the most ve r sa t i l e 
techniques, has the unique pos i t ion of being applicable to 
a l l types of problems and has undergone explosive grov,^h in 
the l a s t 25 years. Chromatography can be c l a s s i f i ed into 
dif ferent types depending on t h e i r s ta t ionary and mobile 
phases. Ion exchange chromatography in which beads of ion 
exchanger are used as sorbent, has become an important tool 
in resolving a complex mixture, which i s r a the r d i f f i c u l t 
by other means. This i s helpful in the separat ion of ions 
having s imilar chemical and physical p rope r t i e s . The theore-
t i c a l p r inc ip le involved in the separation process i s the 
differences in the p re fe ren t i a l uptake of ionic species by 
ion exchange. I t has also proved i t s excellence in the f i e ld 




























































































































































































































































































Ion exchange phenomenon was first observed and 
(1) 
described by Thompson,an English ag r i cu l tu r i s t ^ ' . He found 
tha t ammonium sulphate was converted to calcium su l fa te . But 
he communicated h i s findings to Way (2 ) , a consult ing chemist 
of the Royal ag r i cu l tu ra l society who explained ion exchange 
phenomenon in so i l as given below 
Ca(Soil) + (NH^)2 SO^ ^ 2NH^ Soil + CaSO^ 
Harm(3) in 1895 successfully removed sodium and potassium 
ions from sugar beat. Juice by na tura l ly occuring cation 
exchange s i l i c a t e mater ial , Gans (4) successfully applied by 
sel f synthesizing inorganic exchange material of alumino 
s i l i c a t e (Na2Al2Si,0^Q) to water softening and sugar treatment. 
Then Adams and Holms (5) observed tha t the crushed phonograph 
records exhib i t ion exchange p rope r t i e s . This led remarkable 
evolution to the synthesis of organic ion exchange res ins . 
The commercial production and improvement of synthet ic 
res in by Holms and Farbeninduscrie soon followed. The rea l ly 
modern era in ion-exchange technology began in 1944 when 
D'Alelio of the German E lec t r i c Company's P i t t s f i e l d labora-
t o r i e s synthesized res ins from polystyrene ( 6 ) . Polystyrene 
res ins which compared to the e a r l i e r r e s ins , possessed grea t ly 
improved capacity and chemical and mechanical s t a b i l i t y . 
Emulsion polymerization of swollen styrene and divinyl benzene 
followed by sulfonation y ie lds strong polystyrene poly-
sulfonates r es in with " ad jus tab le" c ross - l ink ing . Copoly-
merization of methaoxylic acid v/ith divinyl benzene resul ted 
in a weak cat ion exchange res in of l e s s e r acid strength and 
high capacity. 
Further extensive research and s tudies on inorganic ion 
exchange sorbents have been car r ied out during the l a s t three 
decades ov/ing to t h e i r admirable contr ibut ion in the f i e ld of 
nuclear energy, hydrometallurgy of rare ear th elements, p r e -
para t ion of high pur i ty mater ia l s , water pu r i f i c a t i on e t c . 
This i s in sp i r ing many new s c i e n t i s t to synthesize new highly 
se lect ive ion exchange mater ia ls mechanically s table r e s i s t a n t 
to chemicals, temperature changes and rad ia t ion and of more 
widely applicable p roper t i es as compared to other ion exchange 
mater ials e .g. a lurainosi l icates . 
The work upto 1963 has been summed \:p by Amphlett (7) 
in h i s monograph " Inorganic Ion exchangers" in a concise and 
excel lent way. Further developments have been carr ied out by 
following s c i e n t i s t s in the f i e l d of inorganic ion exchangers*' 
Peparak, Vesley (8) , Clearf ield (9 ,10) , Alber t i (11,12), 
Walton ( I 3 r l 6 ) , Volkhim (17), Gi l l (18). 
The c l a s s i f i c a t i o n of inorganic ion exchange materials 
on the basis of the chemical c h a r a c t e r i s t i c s of ion exchanging 
sp ecies , as proposed by Versely (8) i s as followsi 
1. Hydrous oxides 
2. Acidic Sa l t s of multivalent metals 
3. Sa l t s of heteropoly acids 
4. Insoluble ferrocyanides 
5. Alumino S i l i c a t e s 
6. Certain other substances ( e .g . Synthetic a p a t i t e s 
su l f ides , a lkal ine ear th su l fa tes . ) 
A large number of s c i e n t i f i c papers pro jec t ing s t ruc tu ra l 
p roper t ies of ion exchanger and t h e i r ana ly t ica l appl ica t ions 
have been published. A wide range of observations on ion-
exchange sorption by hydrous oxides can be in te rp re ted on 
the bas is of revers ible ion-exchange e q u i l i b r i a . Hydrous 
oxides are divided into two main types* p a r t i c l e hydrates, 
those l i ke Zr02 and SnOp for which ion-exchange occurs only 
on the surface and framework hydrates which contain cav i t i e s 
or tunnels in which exchangeable ions reside such as the 
hydrous oxides of antimony and manganese (19). Figure >1 
shov/s the various forms of MnOp with tunnel s t ruc tu res . 
The most studied group i s the quadrivalent metal oxides 
which may behave e i t h e r as cat ion or anion exchangers, depend-
ing i^on the ba s i c i t y of the cent ra l atom and the strength of 
the metal oxygen bond r e l a t ive to tha t of the oxygen-hydrogen 
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Figure t Various forms of MnOj with tunnel structures. (Frosd 
Burns, K. G.; Bunvs, M. B. Manganese Dioxide Symposiurti 
Tolcyo, 1981; Vol 2. Chapter 6). • 
the fol lowing mechanism b e s t r e p r e s e n t s the s i t u a t i o n 
M - OH '> M"^  + 0H~ . . . ( a ) 
V 
M - OH ^ M-0~ + H"^  . . . ( b ) 
"s 
(M r e p r e s e n t s c e n t r a l atom) 
Scheme (a ) i s favoured ^y ac id c o n d i t i o n s , when the 
substance can func t ion as an anion-exchanger , the scheme (b) 
by a l k a l i n e c o n d i t i o n s when the substance can func t ion as 
a ca t ion-exchanger . Near t h e i s o e l e c t r i c p o i n t of the 
oxide (25) d i s s o c i a t i o n accord ing to both schemes can take 
p l ace and both types of exchange may occur s imul taneous ly . 
The a c i d i c s a l t s of q u a d r i v a l e n t meta l s have been the 
most i n t e n s i v e l y s tud i ed group of s y n t h e t i c i n o r g a n i c ion 
exchangers . This group of compounds c o n s i s t s of phospha tes , 
a r s e n a t e s and mixed a r s e n a t e s - p h o s p h a t e s of both IVA, IVB 
and V groups. A number of comprehensive reviews on v a r i o u s 
a s p e c t s of the p r o p e r t i e s and behavior of these compounds 
have been pub l i shed r e c e n t l y (55,56) i n c l u d i n g m a t e r i a l s 
a s p e c t s ( 5 7 ) , ion exchange ( 5 8 ) , c a t a l y s i s (59) and membranes 
( 5 0 ) . They are u s u a l l y l a y e r e d s t r u c t u r e of a type e .g . 
a - t i t a n i u m a r s e n a t e , a - t i t a n i u m phosphate a-Zirconium phos -
p h a t e . The e a r l i e r s t u d i e s on zirconium phospha tes are 
mostly concerned with amorphous m a t e r i a l s ( 7 , 2 5 , 2 6 , 2 7 ) . 
The p r e p a r a t i o n of g e l a t i n o u s amorphous gel i s c a r r i e d 
out by mixing zirconium s a l t s o l u t i o n with phosphor ic ac id a t 
8 
i ' i i ' 2 Sclicii i i it ic ilhisiriii ioM DT itic Niiuclij i c ord-z i rconi i im phuipl iaic 
room temperature. According to the preparat ion condition 
materials with P/Zr r a t i o s of .5-2 .1 are formed(9,28-3^). 
While the thermal treatment of amorphous mater ia ls with 
phosphoric acid( 35-37) or ref luxing them with > 2.5M phos-
phoric acid (7,9,36-39) leads to the formation of semi-
c rys ta l l ine and c rys ta l l ine forms respect ively . Zirconium 
bis monohydrophosphate (a-ZrP), was prepared by refluxing 
the amorphous gel in 10 to 15M phosphoric acid. The s t ructure 
i s layered and the compound i s monoclinic with uni t ce l l 
dimensions of a=9.076, b=5.298, c=l6.22A«* and/3=111.5" with 
formula Zr(HPO,)2«2H2O (20-24). A simplified schematic 
diagram i l l u s t r a t i n g the e s sen t i a l features of a-ZP, proposed 
by Clearfield and stynes (20), i s given in F i g . ( 2 ) . Each 
layer can be regarded as a two-dimensionally i n f i n i t e complex 
molecule, which consis ts of a sheet of roughly coplanar 
zirconium atoms sandwiched between the two sheets of mono-
hydrogen phosphate groups. Each zirconium atom i s coordinated 
by six oxygen atoms arranged octahedral ly about the zirconium 
atom. 
The sequence in which the l ayers are packed together i s 
such tha t neighboring monohydrogen phosphate groups from 
adjacent l aye r s are staggered and do not l i e d i r ec t l y opposite 
one another. This packing sequence creates zeoly t ic cav i t i e s 
in the i n t e r^ l aye r region. One of these cav i t i e s i s indicated 
by the dashed c i r c l e in Fig. 2. There i s one such cavity per 
10 
formula un i t , Zr(HP0,)2H20 and water molecule l i e in t h i s 
cavity. The i n t e r l a y e r separat ion in the aZP s t ructure i s 
7.6*A. The two layers of aZrP are schematically represented 
in f ig .4A. 
The concept of layer , chain and coordination l a t t i c e 
structujres in octahedra and te t rahedra can be tmderstood from 
the following repeat un i t s : 
I ABg octahedra \;init c e l l s 
.B 
Endless chain 
with AB^ Endless chain with AB, Joined a t t*o apexes 
\ l y 
A 
B 
y \ \ 
B 





layered two dimensional 
with AB, stoichiometry 








B' i \ 
i\ 














B I / 
B 
X 
J o i n e d to s i x ne ighbours by t h e i r 
edges with AB_ s t o i c h i o m e t r y 




S A ^ 
A A ^ A 
B ** e 
J o i n t e d t o two neighbour ing 
c e l l s a t t h e i r apexes 
forming chain s t r u c t u ^ 
B 
B 
^ ^ \ fe 
ABp composi t ion 
forming chain 
8 
— A A" 
l a y e r e d s t r u c t u r e o 
s to i ch iome t ry 
f A2O3 
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'U' 3 Schcmaiic illustration o\ \hc model slruciiuc (Hopv)S(.'il I'or /*• arui y-zircomum 
' | i t io>pl ia lc . 
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C l e a r f i e l d proposed t h a t t h e s t r u c t u r e s of 3.ZrP and 
-ZrP are a l so l aye red as r e p r e s e n t e d i n F ig . 3. 
Acidic s a l t s with l a y e r e d s t r u c t u r e s of j3 and types 
con ta in l a r g e r i n t e r l a y e r spacing than a Zr P , bu t t he atoms 
i n t h e i r l a y e r s l i e d i r e c t l y over one ano the r Fig . 4b. The 
3 and phases corresponding to Zr(HPO^)_ and Zr(HP0^)22H20 
r e s p e c t i v e l y , are p repared by r e f l u x i n g the s o l u t i o n s of 
ZrOClp with NaHpPO, i n 3M hyd roch lo r i c ac id . Drying over 
anhydrous CaSO, l e a d s to the format ion of 3-z i rconium 
phosphate , a i r d r i e d p roduc t corresponds to -z i rcon ium 
phosphate ( 4 0 ) . These so rben t s can adsorb c a t i o n s with 
l a r g e r dimensions, such as Cs . 
A few impor tan t a p p l i c a t i o n s of zirconium phosphate 
exchangers are as fol lowsl 
1. P u r i f i c a t i o n of r e a c t o r s coo l an t s (61) 
2. Decontamination of DpO (62) 
3. Decontamination of r a d i o a c t i v e waste wate r (63) 
1 37 
4. Cs from a r ep roces s ing s o l u t i o n (64) 
5. Pu "*", s e p a r a t i o n from i r r a d i a t e d uranium (65) 
A number of t h r ee component ion exchangers have a l so 
been prepared i n which p a r e n t ac id belong to the c l a s s of 
12-heteropoly a c i d s having the genera l formula H,XY^paocnH20 
where x may be phosphorous, a r s e n i c , s i l i c o n , germanium and 
15 
boron and Y dif ferent element such as molybdenum, tungsten 
and Vanadium. Much of subsequent inves t iga t ion of the ion 
exchange p roper t i es of these s a l t s have been car r ied out by-
Smith & Robb (66). Three component ion exchangers show 
super ior i ty over simple s a l t s mainly in three aspects . They 
are more thermally and chemically s tab le , more select ive (67). 
Synthesis and proper t ies of two component and three component 
ion exchangers have been summarized in table 2 and 3 respec-
t ive ly . 
In the recent years p i l l a r i n g of layered s t ruc tures 
have been achieved by i n t e r c a l a t i o n . Phosphate and phospho-
nate metals cons t i tu te a large family of compounds with a 
var ie ty of s t ruc tures ( f ibrous , layered, skeleton) and 
different func t iona l i t i e s . The ion exchange and i n t e r ca l a t i on 
behaviour mainly of a-ZrP was reported by Constantino and 
Vivani (42). 
Recent progress in the i n t e r ca l a t i on chemistry of 
a-ZrP has led to the preparat ion of numerous new in t e r ca l a t i on 
products. Those with a l i azo les and diazines (43) and with 
aminoalcohols were found to have a proton conductivity higher 
than a-Zr(HP0^)2. '^^ i n t e r c a l a t i o n compound with t e t r a methyl 
benzene contain 0.35 mol of guest per mol of Zr, arranged as 
a mono layer of molecules t i l t e d a t an angle of 60" with 
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Two di f ferent s t r a t eg i e s are current ly followed to 
obtain microporous sol ids for molecular sieving and shape 
se lec t ive ca ta lys i s based on zirconium phosphates and 
phosphonates. 
According to the f i r s t one material s imi lar to the 
p i l l a r e d clays can be prepared by i n t e r c a l a t i o n of sui table 
large cation or organic molecules ( tha t act as p i l l a r s ) 
between the l aye r s of ziirconium phosphate or i t s der iva t ives . 
In case of clays one may adjust the pore* size by 
varying the size of the p i l l t . : and/or the spacing between 
them. 
Another view point was put forwarded tha t during the 
preparat ion of zirconium diphosphonates 2rR(P0,)p, the R 
group l ink adjacent to a - l aye r s and act as p i l l a r s (44). I t 
was found tha t some zirconium diphosphate phosphonates might 
be obtained as mesoporous so l ids with high surface area 
(300-500 m /g) and a narrow d i s t r i bu t i on of mesopores in the 
range 20-40A«> (45). Fig. 5 i s showing the p i l l a r i n g by R group 
in ZrR(P0,)2. '^^^ distance between adjacent R groups i s only 
5.3 A**. The i n t e r l a y e r dis tances of functionalized a-zirconium 
phosphate and diimine i n t e r c a l a t e s of y -z i rcon ium phosphate 








TABLE-4 Formulae and i n t e r l a y e r d i s t a n c e o f f u n c t i o n a l i z e d 
z i r c o n i u m p h o s p h a t e s . 
Compound! i n t e r l a y e r d i s t a n c e ( A * ) 
Zr(H0CH2P05)2H 0 1 0 . 1 
ZrCHOOCCH^PO^)^ 11 .1 
Zr(HO SCH2)3P0^)2 1 8 . 8 
Zr(NO NHjCH2CH2P0^)22H20 1 4 . 6 
Zr(H2NH00C CHCH2P0^)2 1 4 . 4 
Zr(H0P03)Q^67 (HPO^) ^^ ^y 5H^0 12 .9 
Zr(H00CCH2CH2P0 3)(H0P03).2H20 1 0 . 2 

































X and Y denote the moles of a-diiraine and hydration water in 
formula unit of -ZrP,Phen - 1.10 phenanthroline, bpy-2,2' 
bipyridine terpy- terpyridine. 
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In t e r ca l a t i on of pyridine der ivat ives such as pyridine 
and 4-Vinyl pyridine(4VP) in to l i thium recto r i t e (clay) have 
been carr ied out (46) without a cat ion exchange process. 
Formation of hydrogen bond with i n t e r l a y e r water and coordi-
nation bond to i n t e r - l a y e r l i th ium cation are the main processes 
for these i n t e r c a l a t i o n . The degree of the involvement of 
both the processes depends upon proton a f f i n i t i e s (PAs) of 
guest compounds. 
In an attempt (47) to prepare new type of host mater ials 
for molecular recognizing c a t a l y s i s , synthet ic clay compounds 
were modified by the methods of ion-exchange of simple or 
complex cat ions and chemical anchoring of metal complexes. 
These products were studied in terms of shape se lect ive decom-
posi t ion of alcohols and molecular recognizing hydrogenation 
of d e f i n e s . Thus new types of c a t a ly t i c s i t e s were prepared 
on the layer s t ruc tures of clays by following methods! 
1. Ion exchange with acidic metal cat ions to form 
i n t e r l a y e r acid s i t e s . 
2 . Ion-exchange and reduction of metal complexes to form 
i n t e r l a y e r fine metal p a r t i c l e s , 
3. Ion exchange with large metal complexes to form 
immobilized molecular complex as c a t a ly t i c s i t e s . 
4. Amination of inner surface to form chemically anchored 
stable metal complexes. Sa ta lys t t e s t were carr ied out 
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in gas so l id and l i q u i d - s o l i d heterogeneous systems 
for the decomposition of ^2 C, alcohols and the 
hydrogenation of various acetylenes and d e f i n e s . 
Chemically anchored Pd in schematically represented 
in Fig. 6. The ef fec ts of i n t e r l a y e r anchoring were 
mor^ apparent on the c a t a l y s i s of bulky d e f i n e s 
between narrow clearance spaces. 
The two dimensional spaces between the s i l i c a t e sheets 
can accomodate neutral molecules such as water, alcohols, 
amines as well as various metal and complex cat ions by ion 
exchange (A8). 
New ca t a ly t i c f i e lds designed in the host-guest complex 
based on modified clay compounds has been demonstrated as on 
of the new po ten t i a l mater ia ls to develop molecular recognizing 
ca ta lys i s (^7). 
There i s a continuing need to find new ion-exchangers 
which are capable of t r e a t i n g radio active nuclear effluent(49) 
and to remove toxic substances from aqueous e f f luen t s . 
Hydrogen phosphates of te t ravr" 'ent metals have been the subject 
of considerable study in recent years because of t h e i r ion-
exchange and i n t e r ca l a t i on p roper t i e s (50). I t was also 
observed tha t a - i n t e r c a l a t i o n of mono amines such as allylamine 
or n-propyl amine into Tin(lV) hydrogen phosphate, a-Sn(HPO,)p 
23 




Fig.6 Structure Model of ChcBically 
Anchored Pd-Conplex on LHT 
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HpOCaSnP) doubles the ex t rac t ion capacity r e l a t i ve to the 
parent a-SnP and ion-exchange react ions of the i n t e r c a l a t e s 
were rapid (51). 
The in t e r ca l a t ed a-Sn(HPO, )2H20 have been studied by-
Hudson and Workman (51). Previous s tudies on a-SnP have 
indicated tha t i t i s a layered compound which has an in te r^ 
l ayer splicing of 0.78 nm but the s t ruc tures of the NNBD and 
propylamine i n t e r c a l a t e s (SnP-NNBD and Sn P-PrA) are represen-
ted in Fig.7 and 8 showing i n t e r l a y e r spacing 1.35 nm and 
1.67 nm respect ive ly . Thus the i n t e r l a y e r distance can be 
changed by i n t e r ca l a t i on . I n t e r l aye r distance of a-SnP for 
di f ferent amines to given in table 6. 
25 
TABLE 6. I n t e r l a y e r d i s t a n c e and c o m p o s i t i o n of some 
aSnP/amine i n t e r c a l a t i o n compounds ( 5 1 ) . 
Amine S o l v e n t I n t e r l a y e r Compos i t i on 
s p a c i n g Molamine p e r MolaSnP 
(nm) 
Allylamine 




Tr ie thylamine 















2 . 0 
2 . 0 
2 . 0 




pen t amine 
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Another new step in the f ie ld of inorganic ion 
exchanger i s loading with d i f ferent substances and making 
i t more se lect ive towards a p a r t i c u l a r ion/ ions such as 
sequential co l lec t ion of selenium(IV) and selenium(Vl) by 
the use of an anion exchanp.e res in loaded with bismuthol IT 
sulphonic acid l igand (52). 
In another modification of anion exchange res in with 
t h i o l s sulfonates der ivat ives of dithiozone and other t h i o l s 
were immobilized firmly by an anion-exchange res in . And 
these chelat ing agents were used in co l lec t ing and determining 
metal ions (53) and titanium diethanolamine was prepared by 
modification of hydrous ti tanium oxide (54), This material 
— 1 possessed a metal sorption capacity of .6 to .9 mmoles g 
and shov/ed se lec t ive re ten t ion of cer ta in metal ions. I t 
has been found useful for ana ly t i ca l sorption of Cd(II) from 
Pb( I I ) , Cu(ll) andHg(I I ) i Tn(IV) and Hg(ll) and Mn(ll) from 
F e ( l l l ) . The sorption ra tes were also determined. 
Thus new developments -.. ion-exchange have many fold 
enhanced i t s ana ly t ica l importance and have a t t r ac t ed many 
s c i e n t i s t to synthesize new ion exchanger with high speed, 
s ens i t i v i t y and se l ec t iv i ty by using i n t e r c a l a t e s or loading 
with dif ferent substances and using multicomponent exchangers. 
27 
35 nm 
Fij;. 7 Idealised sirucuuc of ihc Sni'-NNUD inlercalalion conipituiul 
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1.67 nm 
\"iV.-Q Idealised siriiclurc of the SiiI'-PrA imcrcahilioii coiupouiul 
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CHAPTER II 
PREPARATION AND CHARACTERIZATION 




New developments i n i n o r g a n i c ion exchangers have 
i n c r e a s e d i t s a n a l y t i c a l a p p l i c a t i o n s . There i s a 
con t inu ing need to f ind new ion exchangers which are 
capable of t r e a t i n g r a d i o a c t i v e n u c l e a r e f f l u e n t (1) and 
to remove t o x i c subs tances from aqueous e f f l u e n t s . 
Che l a t i ng r e s i n are o f t e n used f o r p r e c o n c e n t r a t i o n of 
metal i o n s . A nximber of c h e l a t i n g r e s i n s have been 
syn thes ized ( 2 ) , Che l a t i ng r e s i n c o n t a i n i n g t h i o l group 
as a s o f t base are expected to o f f e r s e v e r a l advantages 
i n the p r e c o n c e n t r a t i o n of heavy metal i o n s a so f t ac id 
due to t h e i r s e l e c t i v i t y and l a r g e r c o n c e n t r a t i o n f a c t o r s 
than common i m i n o d i a c e t i c a c i d type r e s i o n ( 3 ) . 
I n t h i s work a new idea has been developed to give 
a dual c h a r a c t e r to the exchanger. Anion, c a t i o n and 
amphoter ic , i on exchangers have been p repa red i n the p a s t , 
however to a t t a c h an amine grot?) i n o r d e r to a c t as anion 
exchanger e x h i b i t i n g c l e a r l y the anion exchange p r o p e r t i e s 
and to i n t e r c a l a t e a t h i o g l y c o l a t e g ro i^ between the l a y e r s 
of Zr02 to coord ina te e x c l u s i v e l y some of t h e t r a n s i t i o n 
metal i o n s . The work i s i n p r o g r e s s and t h e r e i s hope of 




Zirconium oxychloride(BEH), piperldine(Loba 
Cheniicals, I nd i a ) , th iog lyco l ic acidCS.P). Fine Chem.Ltd. 
India)and o ther Chemicals of analyt. grade were used. 
Apparatus: 
A Bausch and Lomb spectronic 20 and spectronic 1001 
were used for spectrophotometric measurements. Elico Li-10 
pH meter was used for pH measurement. 
Synthesis: 
Various samples of exchanger were prepared by 
mixing an aqueous solut ion of 0.2M zirconium oxychloride, 
p iper id ine and th ioglycol ic acid under d i f fe ren t se t s of 
condition as l i s t e d in Table 7. The gel formed was thoro-
ughly s t i r r e d on a magnetic s t i r r e r a t 50*C for 4 h r s . The 
gel so formed was allowed to s e t t l e down for 24 h r s , washed 
several times with d i s t i l l e d v/ater to remove excess reagents 
and f i na l l y f i l t e r e d under suction. I t was then dried a t 
60^in an oven. The dried material was then t rea ted with 
d i s t i l l e d water which resu l t ed in the cracking of the material 
into small graniales with s l i g h t evolution of heat . 
Ion-exchange capacity; 
A 0.5 g of exchanger in CI~ form was put into the 
glass column containing g lass wool pack. I t was washed with 
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d i s t i l l e d water to remove excess ions remained s t icking 
on the p a r t i c l e s . One molar solut ion of sodium n i t r a t e 
was passed through the column the Cl~ so l i b e r a t e d was 
determined t i t r i m e t r i c a l l y ( ) . 
Chemical s tab i l i ty : 
A 0,2 gm of exchanger ZTP (222), Table-8 was equi -
l i b r a t e d with 25 ml of the solut ion of i n t e r e s t a t room 
temperature and kept for 24 hrs with occasional shaking. 
Zirconium ion released in the solut ion was determined 
t i t r i m e t r i c a l l y using xylenol orange( t f ) , Piper idine was 
determined spectrophotometrically using,1-chloro, 2-4 d in i t ro 
benzene (5 ) as a coloring reagent. Thioglycolic acid was 
determined spectrophotometrically ( 6 ) . 
Chemical composition: 
For the determination of chemical composition of 
the samples, 0,1 gm of exchangers were dissolved in the 
minimum amount of hot concentrated sulfur ic acid. Then the 
solut ion was di luted to 100 ml with d i s t i l l e d water. The 
zirconium was determined t i t r i m e t r i c a l l y (. ^ ) while p i p e r i -
dine and th iog lycol ic acid was determined spectrophoto-
metrically(5*,6).- The r e s u l t s are reported in Table-9. 
Infrared spectrum: 
Infra red spectrum of exchanger was performed using 
KBr technique. 
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Sorption Capacity and Distribution coeff icient: 
The d i s t r i bu t ion coeffecients for d i f fe ren t metal 
ions were determined a t d i f fe ren t pH 0.2 g of exchanger 
was taken in 250 ml Erlenraeyer f lask and to t h i s a 25 ml 
of 2x10"-^ metal s a l t so lu t ion a t d i f fe ren t pH was added 
into d i f ferent f lask. The mixture was kept for 24 hrs a t 
room temperature. The amount of metal species l e f t in 
the so lu t ion was then determined by t i t r a t i n g against the 
standard solut ion of EDTA. The sorption capac i t i es were 
determined as usual (T ) while the Kd values were calculated 
according to the formula* 
J, , _ mmoles of metal species/gm of exchanger 
mmoles of metal species/ml of the t o t a l volume 
of the r e su l t an t scQution 
The r e s u l t s are siammarised in the t ab les 10 & 11. 
Separation of metal ions: 
Quantitative separat ions of metal ions were 
achieved on a 0.6 cm diameter ( i . d . ) g lass column using 
2.0 g. exchanger. A metal ion mixture was poured on the top 
of the column. The flow ra te of the e f f luent was maintained 
a t 1 ml/min throughout the e lu t ion process (Table 12). 
RESULTS AND DISCUSSION 
Table-? d e s c r i b e s the p r e p a r a t i o n of different 
sampled of zirconium p i p e r i d i n e t h i o g l y c o l a t e exchanger. 
I t i s appa ren t from the t a b l e t h a t ion exchange capac i t y 
has increiasGd on adding t h i o g l y c o l a t e component i n the 
mixture . I t s so rp t ion c a p a c i t y i s i n c r e a s i n g with the 
i n c r e a s e i n t h i o g l y c o l a t e con t en t , while Sorp t ion Capaci ty 
i s zero fo r zirconium p i p e r i d i n e sample. Thus i t i s c l e a r 
t h a t t h i o g l y c o l a t e p a r t of exchanger i s r e s p o n s i b l e for 
so rp t i on of meta ls by the exchanger. 
The sorption capacity of some transition metal ions 
due to t h i o g l y c o l a t e i n t e r a c t i o n a r e , i n accordance with 
the s t u d i e s of formation c o n s t a n t s of metal t h i o ] y c o l a t e 
complexes, summarized i n Table 10. 
I t i s c l e a r from the Table 8 t h a t sample ZTF 222 i s 
more s t a b l e i n moderate c o n c e n t r a t i o n of NaOH, NH, HNO-, 
but the samples ge t d i s s o l v e d i n INHpSO,. 
The p r e p a r a t i o n of s p h e r i c a l beads of ZrOp has been 
desc r ibed by adding phosphor ic a c i d to z i r c o n y l n i t r a t e 
s o l u t i o n . The ac id i s sprayed i n t o a column of mineral 
o i l . I n s t e a d of us ing phosphor ic ac id one can a l so use 
NH^ OH ( 8 ) . I n o rde r to ge t z irconium oxide p a r t i c l e we 
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of hydrous zirconium oxide var ies as a function of pH 
as well as the change of ' charac ter from cat ion to anion 
exchanger ( 9 ) . The protonated surface species , formed 
by the addi t ion of p ipe r id ine , has ac idic surface 0-H 
groL?) to which the p iper id ine react and form pip H 
p ip . The pip<ri.dinium ionic species can be detected by the 
cha rac t e r i s t i c vib. modes. The normal N-H s t re tch ing 
modes are observed a t about 1485-1500, 1 5 ^ , 1620, 1640 cm . 
Some times the detection of these protonated species i s 
d i f f i c u l t due to a very short l i f e time and hence a diffuse 
continuous absorption over the whole spec t ra l range may be 
observed (10) . I t i s c lea r from the I.R. spectra of 
zirconium piper id ine exchanger in figure 9 . , from 1470 to 
1700 cm"\ 
After the i n t e r ac t ion the nitrogen atom gets p o s i t i v e l y 
charged and compensated by an equivalent amount of counter 
ion species and hence act ing as an anion exchanger. N*H 
species formation i s supported by the in f ra red spectra-CFig 
9 and 1o)by the peak 2000 cm" and 2200 cm~\ This i n t e r -
act ion may be t r ea ted as a l aye r which i s exact ly equivalent 
to a-ZrP/a 3nP layers . I n t e r ca l a t i on of the guest molecule 
takes place between the two zirconium piper id ine l ayers 
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400-450 cm bands are assigned to ZrOp. 
S-S s t re tch ing v ib ra t ions f a l l between 400-500 cm" 
The s t re tching v ibra t ion assigned to C-S linlcage 
_1 
occurs in the region of 700 cm . 
A sharp band of C-N s t re tch ing in aromatic amine i s 
assigned to 1350 to 1280. Piper idine cyclic r ing 
i s analog to aromatic r ing and therefore C-N s t r e t -
ching must f a l l in t h i s range. 
In the l i qu id or so l id s ta te carboxylic acids e x i s t 
as dimers due to I ~ oonding. The C=0 s t re tching 
frequency observec r t 1650 may be a t t r i b u t e d due to 
i n t e rna l hydrogen bonding. C=0 s t re tch ing of COOH 
group appears a t 1460. There appears no bending 
(1320-1210) due to i n t e r c a l a t i o n r e su l t i ng the forma-
t ion of Zr-0 bonding. 
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(6) Two s t rong peaks 2000 & 2200 may be a t t r i b u t e d 
to NH"^ . 
So the study of t r a n s i t i o n meta ls i s the formation 
of s t a b l e complexes of t h i o g l y c o l i c a c i d s . E a r l i e r 
s t u d i e s revo.?.l the format ion of two types of complexes MRS 
andM(RS)2 • • ( l l ) -
This exchanger i s t h e r e f o r e has a dual c h a r a c t e r . 
Anion s p e c i e s can be exchanged with p i p e r i d i n e group and 
c a t i o n exchange with s p e c i a l l y t r a n s i t i o n meta ls wi th 
t h i o g l y c o l i c ac id . 
The d i s t r i b u t i o n coef fec ient (Kd) f o r a number of 
meta ls i o n s were determined a t d i f f e r e n t pH va lues . The 
s t a b i l i t y of metal l i g a n d complex depends upon the pH of 
the e q u i l i b r a t i n g s o l u t i o n , r e s u l t s i n t h e v a r i a t i o n i n 
the e x t e n t of uptake of a metal i on . The Kd va lues f o r 
2 * ^+ 
UOp and Al^ are very h igh i n a l l t h e s o l v e n t s except 
pH 8.0 where i t i s somewhat lower fo r Al*"*". 
On the b a s i s of l a r g e d i f f e r e n c e s i n s o r p t i o n of t h e 
metal i o n s a t d i f f e r e n t pH, a number of s e p a r a t i o n s have 
been ach ieved . Resu l t s a re summarized in Table 12 and 
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Fig.11(a)-SGparation of H g 2 * f rom Zn2* 
Hg*2 
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F ig . lKb) -Separa t ion of H g ^ * fronn F e 3 * 
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